. This article aims to describe the intermediate stages in the development of the gaming simulation TRAFFIC JAM, whereas an evaluation of attitudinal change will be reported elsewhere.
Previous research
Research-based computerized simulations with environmental educational aims have been developed to predict environmental and economical consequences of human behavior on the global level (Meadows, Meadows, & Randers, 1992; Meadows et al., 1996) but also to educate individual persons about environmental consequences of household's behavior (Benders, 1996; Benders & de Vries 1989; Benders & Kok, 1999) . Focusing travel behavior, the Swedish National Rail Company published a tool for calculation of emissions of various choices of transportation for long distance travel (SJ MILJÖDATA, 1996) . These kinds of simulation have been developed to calculate very precise results, which usually are presented to the user in figures. From an environmental educational point of view, the household perspective seems the most promising (Gardner & Stern, 1996) . Computer simulations of the environment have also been used to study how people act when faced with complex environmental systems or scarce resources (Brehmer, 1991; Gifford & Wells, 1991) . In this line, with focus on the social interaction, AGENT 21 (1996) was developed as a tool for local planners to simulate environmental consequences of decisions on the municipal level in Sweden. The results are presented as factual information about the environment. Environmental facts have also been central in educational board games and computerized gaming simulations for children and adolescents (Hewitt, 1997; Rakow, Glenn, & Fifer, 1983; Shcherbakov, 1996) . Martin, Shirley, and McGinnis (1988) showed that a computer-based microworld environment could enhance children's awareness of concepts related to ecological systems. So far, scientific evaluations are rare, but experiences from the field of health education show the educational potential of computerized gaming simulations (Brown et al., 1997; Cahill, 1994; Sherer, 1994) . Still, little is known about how children and adolescents respond emotionally to the presented information. One consideration from previous research is that proenvironmental behaviors are influenced more by emotions than by extensive knowledge of facts and figures (Iozzi, 1989; Nilsson & Küller, 2000) . manipulation of a waterfront, showed that the presence or absence of signs of pollution influenced the evaluation of the environment. In one study, Cohen and Horm-Wingerd (1993) could show that preschool children were able to recognize environmental pollution in pictures.
From their studies of children's ability to identify auditory icons in computer interfaces, Jacko and Rosenthal (1997) concluded that most 7-and 9-year-olds could identify correctly animal sounds such as birds chirping and dogs barking. A car ignition was also identified fairly easily, whereas cars passing seemed to be more difficult to recognize. The sounds were presented out of context, and the authors suggested that they would probably be more easily identified if presented in a plausible environment. Shimai, Fukuda, and Terasaki (1993) asked college students to make an emotional evaluation of various sounds. Their analyses showed that musical and natural sounds were considered the most pleasant, whereas traffic noise was valued negatively. In a study among adults, North and Hargreaves (1996) found that a liking for the music played induced a positive response toward the environment.
Introducing TRAFFIC JAM
TRAFFIC JAM could be defined as a computerized gaming simulation with an educational goal (Benders & Kok, 1999) . Its main aim is to make children and adolescents concerned about the environmental and health consequences connected with various means of transport within urban areas. It was considered more important to focus the program on emotional aspects than to present extensive factual information about ecology. The environmental consequences of the players' choices of transportation are calculated from contemporary data of Swedes' travel habits and local measures of environmental impact. The environmental and health problems caused by urban traffic are presented in a gaming context. TRAFFIC JAM is being developed for Windows 95 and is programmed in C++. All pictures are drawn in PAINT SHOP PRO 4.0 (1996) , and the sounds are elaborated in the wave recorder in Microsoft Windows.
1

Playing the gaming simulation
In three introductory steps, the player creates a hero figure by choosing a face of a boy or a girl, naming him or her, and selecting his or her home, hobbies, and parents' workplace. The actual game begins when the hero figure appears in the town Travel Bay and is requested to guide the inhabitants toward a proenvironmental travel behavior in 1 week's time (see Figures 1 and 2 ). The inhabitants of Travel Bay have severely affected the environment and their own health condition by devastating choices of transportation. They now face excessive levels of air pollutants, traffic noise, and accidents for humans as well as for animals. Their health is threatened by the present environmental conditions.
Each day, beginning with Monday, the hero figure randomly obtains two to four journeys in a notepad in the corner of the screen. The corresponding destinations are indicated in the background picture. The objectives of these daily journeys are to some extent decided by the player in the introductory steps. For each journey, the player must choose means of transport for the hero figure (walking, biking, traveling by public transport or private car). As soon as the player marks his or her choice for one particular journey, the hero figure carries out the journey on the screen. When the destination is reached, the player must choose means of transportation for the next journey and so forth. The journeys could be carried out in any order, but they should be completed within a limited time. Thus, to complete all journeys successfully, both the distance and the environmental impact must be considered. At the end of each day, feedback on the present conditions of environment and health is given in a separate window (see Figure 3) . It is also possible to check the number of completed journeys and time saved. Because the hero figure's choice of transportation acts as a model for the inhabitants' journeys, the consequences will be directly notable. Should the pollution level differ significantly from the initial level, the background environment will change. The sequence with daily journeys and environmental and health consequences is repeated until Sunday evening, with variation in the journeys, when the player receives the final result of the environmental and health situation in the town.
Travel habits and their environmental and health consequences
The town of Travel Bay mirrors a middle-sized Swedish coastal town of approximately 70,000 inhabitants. Input data for the inhabitants' number of journeys to various destinations and their choices of transportation for these journeys were obtained from the National Travel Survey for a representative sample of people living in towns (L. Petersson, personal communication, October 23, 1997) . The travel habits have been applied to the imagined 70,000 inhabitants of Travel Bay and also constitute the base for calculating emissions of air pollutants and risk of accidents.
The private car is the fastest means of transport, but extensive use leads to a severely polluted environment with high levels of disturbing noise and high risks of severe accidents. If the car is used frequently, traffic jams will make the car a slower option. Emissions of carbon monoxide (CO), carbon dioxide (CO 2 ), nitrogen oxides (NO x ), and volatile organic compounds (HCs) were based on the values presented by Ljungberg, Sjöstrand, and Smidfelt (1995) for car driving in the Malmö-Lund region, south of Sweden. Of the cars, 50% were assumed to have catalytic converters (Bilindustriföreningen, 1997) .
Five service lines run continuously from a central bus station to the outskirts of the town. Public transport is somewhat slower than the car but will result in less air pollutants and noise. The bus is the safest mode of transport, although accidents may occur when walking to and from bus stops. On the other hand, these short walks will improve health. The calculated distance for each service line is 9.6 kilometers, corresponding to the mean distance of bus traffic in Lund. Emissions of air pollutants per kilometer were based on measurements from the local bus service in the nearby Malmö area, with 75% of the distance served by hybrid buses and 25% served by diesel buses. Emissions were calculated both as a total sum for the town and as a value per passenger. The number of passengers is initially 10, the mean for public bus transports within Lund, but after extensive use of public transport, the number of passenger will increase to a full bus (I. Carlsson, personal communication, May 5, 1998) .
Using a bicycle will contribute to neither air pollution nor noise. However, the risk of slight accidents is fairly high. Naturally, the bicycle is slower than the car but sometimes faster than the bus on short distances. Also, cycling contributes to improved health. If the bicycle is extensively used, the player will get a faster bicycle.
Finally, to walk is also a proenvironmental choice. Walking is safer but slower than the bicycle and will result in improved health. Extensive walking will be rewarded by the ability to walk faster.
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The risks of accidents for the various means of transport were based on recent research from the Department of Technology and Society at the Lund Institute of Technology (Berntman, Berntman, & Nilsson, 1995) . Due to a lack of data, the risk of accidents including animals was uncertain. These risks have been based on estimations of traffic flow on national roads and the number of accidents reported by the Swedish National Road Administration (J. Berglöv, personal communication, February 13, 1998; Statistics Sweden, 1996) . Because many animal accidents are never reported, they are likely to be underestimated in TRAFFIC JAM. Traffic noise has been recorded at streets in Lund with different traffic flows and different noise levels (Akustikbyrån, 1992) . Because health condition is very difficult to relate directly to the actual traffic situation, these values are only hypothetical.
Design of background environment
The environment consists of three sets of background screens: one lightly polluted, one moderately polluted, and one severely polluted environment. Each set is divided into two screens, one showing the town center with surrounding residential areas (Figure 1 ). The other screen contains the connected countryside area (Figure 2 ). The two screens are connected by an infrastructure made up of roads and bus stops.
A student of architecture drew the pictures, and during the development, they were continually discussed with environmental psychologists, architects, and a researcher in physical planning. The moderately polluted environment, where the game begins, is supposed to resemble the present environmental conditions in the south of Sweden. The lightly polluted environment, which may be achieved through walking and cycling, is illustrated by brighter colors, green trees, blue water, and flourishing flowers, with less space allocated for cars. Animations of people and animals appear now and then. In the background, the sounds of purling water, birdsong, and human voices are to be heard. The severely polluted environment, connected with unconsidered car use, is dominated by brownish and grayish colors. Extensive areas in the town are allocated to cars, and animals and people are absent. In the background, there is noise from heavy traffic.
Feedback
The feedback on the player's choice of transport relies mostly on visual and auditory cues in the environment, but also to some extent on direct feedback. At the end of each day, a window automatically displays the emissions of carbon oxide, carbon dioxide, nitrogen oxides, and volatile compounds, both in figures and by showing exhaust pipes with proportional amounts of black dots. Simultaneously, the corresponding noise level is played back. Accidents are shown both directly in the game as pictures of crashed cars, hurt people, and ambulances, including sound and as numbers of severe, light, and animal accidents on the feedback screen. Health status is shown by pictures ranging from a skeleton to a superman or woman with hypothetical values. The feedback screen is combined with a verbal announcement of whether the Johansson, Küller / TRAFFIC JAM 73 environmental impact was worse or better than on the previous day. If only walking or cycling, the player is complimented for not having polluted the environment (see Figure 3) .
The overall satisfaction of the Travel Bay inhabitants serves as an additional means of feedback to the player. In combination with the lightly polluted environment, voices from the inhabitants randomly comment on the improved environment. On the other hand, the severely polluted environment will result in inhabitants complaining.
The week closes by depicting the environmental and health status achieved. If a lightly polluted environment has resulted, the screen will become filled with flowers and music and the player's success will be acknowledged. If the player finishes the week on the same pollution level as when beginning the game, he or she will be advised to cycle or walk more often. Finishing with a severely polluted environment will result in a screen filled with car wrecks and intensive traffic noise. The player will be told that he or she failed and that the environment has become worse than before, and he or she will be advised to walk or cycle more often the next time.
Understanding of the democratic process and ability to act as a responsible citizen are regarded as important aspects of environmental education (Newhouse, 1990; Uzzell et al., 1994) . In TRAFFIC JAM, initiatives for a local debate about the traffic environment can be taken by writing letters either for publication in the press or to the politicians, who will then respond by building more cycle ways, increasing the number of bus stops, or restricting motor traffic in the town center.
Scoring
TRAFFIC JAM features three levels of difficulty, with Level 1 including instructions and Levels 2 and 3 putting a higher demand on the player by shortening the time limit. Points are continuously calculated and can be checked during play. In brief, plus points are given for each completed journey, saved time, and for letters to the press or politicians. Further points may be obtained if the player improves the environment and every time a satisfied inhabitant appears. If a journey is missed, an accident occurs, the environment becomes more polluted, or the inhabitants complain, points will be deducted. The final scores are displayed on a high score list at the end of the game (see Figure 4 ).
Study 1: Validation of the background environments
To ensure that the content of the three sets of background pictures and sounds would give the player the intended impressions, a pilot study was conducted. Of the three levels, the lightly polluted environment was predicted to be perceived as the most pleasant, whereas the severely polluted environment would be perceived as the least pleasant, and so forth. A second aim was to get an idea of how normal or curious the environments were perceived by children and adolescents. Age and gender were considered as possible mediating variables and therefore taken into account.
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Method
The study was carried out by means of semantic environmental description (Küller, 1991) . Originally developed for real environments, this instrument has been validated for computer-simulated environments by Janssens (1998) . The original test consists of 36 adjective scales representing eight perceived qualities of the environment. The complete test was considered too lengthy for children; therefore, only two of the eight qualities were assessed: pleasantness (pleasant-boring, good-bad, beautiful-ugly, secure-dangerous) and originality (special-ordinary, curious-normal). One additional dimension was included, namely, pollution (dirty-clean, polluted-healthy), because this was considered important in the present context.
Sample, procedure, and statistics
The headmasters of two comprehensive schools in Lund were contacted, and with the consent of their teachers, 42 pupils consisting of 8-to 9-year-old children and 14-to 15-year-old adolescents volunteered to participate during school hours (see Table 1 ).
After a verbal introduction and a test picture, the three sets of background environments (in total six pictures) were shown on a computer screen (moving objects were lacking). The pupils were seated in groups of 3 or 4 in front of the screen and completed the forms individually. For the sounds, the procedure was similar, but the pupils were seated around a tape recorder where the sounds were played back. For both sets, the order of presentation was counterbalanced.
The analyses of the collected data were carried out by analysis of variance (ANOVA repeated measures) in SPSS (Norusis & SPSS Inc, 1993) .
Results
Both for pictures and sounds, significant differences were found between the three levels of pollution. Figure 5 shows that the severely polluted environment was rated as the most polluted followed by the moderately polluted and the lightly polluted environments. As predicted, the lightly polluted environment was perceived as the most pleasant, followed by the moderately and the severely polluted environments. This order was valid both for the townscape and for the countryside pictures. There were no gender-or age-related differences in pleasantness, but an effect of presentation order was identified for the pictures. The severely polluted environment was perceived as somewhat more pleasant and less polluted when it was presented as a first picture compared to when it was presented as a last picture: Interactions Pleasantness × Presentation Order-townscape, F(2, 80) = 3.96, p = .023; countryside, F(2, 80) = 10.45, p < .001); Interactions Pollution × Presentation Order-townscape, F(2, 80) = 6.79, p = .002); countryside, F(2, 80) = 11.45, p < .001).
The perceived originality differed significantly for countryside pictures, townscape pictures, and townscape sounds. Discussions between the participants during the test session revealed that this might depend on the meaning of dark spots, which represented air pollutants, being somewhat unclear. However, in the complete program the spots are more clearly connected with their source, which is exhaust pipes. A significant interaction effect between age and originality was found for the townscape pictures and the nature sounds. In both cases, the children considered the lightly polluted environment or sound to be more common and the severely polluted to be less common than the adolescents did: Interactions Originality × Age Group-townscape pictures, F(2, 80) = 9.82, p = .017); countryside sounds, F(2, 80) = 4.31, p < .001. 
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FIGURE 5: Semantic Environmental Descriptions of the Lightly Polluted, Moderately Polluted, and Severely Polluted Background Pictures and Sounds
Study 2: Evaluation of the hero figures
As previously mentioned, the player in TRAFFIC JAM acts through a hero figure. According to Turkle (1984) , such interaction facilitates identification with the content. At the same time, psychological research states that identification is based also on a positive evaluation of the hero figure (Durkin, 1995) . Today, most entertainment games have themes that mainly interest boys and usually the hero is male (Goldstein, 1994; Sjöberg, 1999) . To interest both boys and girls of different ethnic groups, TRAFFIC JAM has six hero figures to choose from. According to Küller (1991) , any emotional response can be described in four steps. Initially, the central nervous system becomes activated. This is immediately followed by an orientation response and evaluation of the situation, resulting in a state of control or lack of control. The study aimed at evaluating the six hero figures. Our goal was that the hero figures were to be rated high in all four emotional dimensions by both children and adolescents.
Method, sample, procedure, and statistics
The perceived emotional states of the six hero figures were rated on four-graded scales according to Küller (1991) . The original instrument, which consisted of 12 scales, was thought to be exhausting for the younger participants and was therefore abbreviated, and each of the four dimensions (activation, orientation, evaluation, and control) was measured by two scales only.
The evaluation was made by the same group of pupils as in Study 1 and followed directly after that study. Again, the pupils were seated in small groups in front of a computer, but this time they were presented with six drawn pictures of human faces on the screen. The faces represented three boys and three girls (one Scandinavian, one South European, and one African of each gender) shown one at a time. The size of the pictures was approximately 4 × 4 centimeters, the size they will appear in TRAFFIC JAM, and the order of presentation was counter balanced. Data were treated with analyses of frequencies, chi-squared analyses, and ANOVA (Norusis & SPSS Inc, 1993) .
Results
On average, all six figures obtained ratings above 2 on the four-graded scales in activation, orientation, evaluation, and control (see Figure 6) . In a total index of the basic emotional process obtained by adding all four dimensions, boys and girls rated the figures similarly, but there were some age differences. The South European boy was better liked among the adolescents, F(1, 40) = 5.14, p = .029), whereas the Scandinavian boy scored somewhat higher among children, F(1, 41) = 6.72, p = .013. However, in total, the Scandinavian boy was rated relatively low in all four dimensions, and the face features were therefore redrawn to look more like the South European boy, who had obtained positive ratings. To avoid the Scandinavian and South European boys looking the same, the haircut of the South European boy was somewhat altered (see Figure 7) . In the third study, a preliminary version of TRAFFIC JAM was tested, focusing on children's and adolescents' emotional responses. The study was inspired by Mehrabian and Wixen's (1986) systematic investigation of adult players' liking of a video game and their emotions after having played that game. These researchers measured the emotional state of the players in terms of three dimensions: pleasure-displeasure, arousal-nonarousal and dominance-submissiveness (Mehrabian & Russell, 1974) . The main findings of Mehrabian and Wixen were that games that generate the most pleasure and arousal are preferred by both females and males. However, males also like games where they may experience a high level of dominance (see also Barnett et al., 1997) . Mehrabian and Russell's (1974) three dimensions correspond to Küller's (1991) evaluation, activation, and control. In addition to these three, Küller employed a fourth dimension, namely, orientation, to describe the human basic emotional process. In this study, four dimensions were used. Our aspirations were that children and adolescents who played TRAFFIC JAM would feel active and directed toward the task of the game, experience positive emotions, and express feelings of control in the gaming situation.
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Age, gender, and previous experience of computer games were considered as possible mediating variables. The pilot study also had the subordinate aims of finding out if more instructions were needed and to identify possible bugs.
Sample and procedure
A convenience sample of 26 children and adolescents in Lund played the game (see Table 2 ). Everyone had their parents' consent and obtained a cinema check of the approximate value of $8 for participating.
TRAFFIC JAM was played in small groups of 2 or 3 participants on a PC either at a university department or in a home environment. Every participant was in charge of the game at least once before completing the questionnaire. The participants were asked to approach TRAFFIC JAM as they would have done with any other computer game that was new to them. No further instructions were given, but participants were encouraged to pose questions to the experimenter, who was present during the sessions. Each session lasted between 30 minutes and 1 hour.
Debriefing
The debriefing included one quantitative part and one qualitative part. As soon as the participants had finished playing, they were asked to rate their own emotional state on the abbreviated version of Küller's (1991) semantic scales (compare Study 2). The actual game was rated on a four-graded Likert scale (very bad, bad, good, very good) . Three open-ended questions about problems encountered while playing and suggestions for improvements of the game were also included. Finally, three questions about previous computer experience as well as age and gender were answered. After completing the questionnaire, the participants' experiences of the gaming session as well as their answers to the open-ended questions were discussed with them.
Statistics
The quantitative data were treated by means of frequency analyses, ANOVA, and in one case, because of skewed data, chi-squared analysis (Norusis & SPSS Inc, 1993) . In the analyses, where age groups are compared, children refers to a group of 17 participants between age 7 and 12 and adolescents to a group of 9 participants between age 13
Johansson, Küller / TRAFFIC JAM 81 and 16. The division into the two subgroups was based on the experimenter's observations of how the different participants approached the game. Qualitative data from the discussions were used as comments to the quantitative results.
Results of the debriefing
The quantitative part of the debriefing showed that the overall assessment of the gaming experience was positive (M = 3.38, SD = 0.50, Mdn = 3.0). The positive response was confirmed by the participants' emotional state. The mean values on the four dimensions of the basic emotional process ranged from 2.99 to 3.53 (see Figure 8) . The participants felt fairly stimulated by the program, were mostly focused on the task of playing it, and experienced positive emotions as well as control over the situation. A significant age difference was found, showing that children were more favorable to TRAFFIC JAM than were adolescents (χ 2 = 8.60, df = 1, p = .003). This result also became obvious in the discussions, when most of the children were positive toward the gaming experience and asked if they could have their own copy of TRAFFIC JAM, whereas the adolescents commented on how to improve the program. In terms of the basic emotional process, this might be explained by the fact that the children were more activated by the game and more focused on playing it than were the adolescents (compare Figure 8) .
From the index of computer experience, obtained by adding the three experience items (M = 1.90, SD = 0.49, Mdn = 2), it became evident that all the participants had some prior experience with computers. The most experienced players expressed a higher level of control than inexperienced players did, (F(1, 25) = 8.47, p = .008). No significant differences where found between boys and girls.
The main result from the open-ended questions was that more instructions where needed and that the difference between the three levels of difficulty in the program should be increased. Several programming bugs were identified, which could subsequently be eliminated. We also received suggestions about more details to include and how to improve the program.
Discussion
This article describes intermediate stages in the development of the gaming simulation TRAFFIC JAM. As suggested by Allwood (1998) , it is developed in an iterative process where theoretical concepts are applied in the program and empirically tested among potential players in pilot studies. Although the samples were limited in size, they represented the groups of children and adolescents for which TRAFFIC JAM is being designed.
To provide credible information, we wished to simulate the environmental problems caused by traffic as realistically as possible. At the same time, several very complex systems had to be simplified in the design process to be grasped by the children. We also had to make a trade-off between creating a purely realistic simulation and
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giving it the entertaining features of a game. These goals by necessity led to deficiencies in the representation of reality.
One problem is related to the fact that all inhabitants follow the hero figure's choice of transportation. The reason for this construction is to obtain directly observable effects of the hero figure's behavior. However, this means that the social dilemma problem is not dealt with; that is, a person's efforts to reduce the negative environmental impact becomes marginal if all other persons will continue to drive (Garvill, 1997) . Because the dilemma problem is central to performance of proenvironmental behaviors, it seems important to incorporate this aspect in the next version of TRAFFIC JAM. Other problems were to find suitable input data and to represent these data satisfactorily. There was a significant lack of input data concerning dynamic effects in the traffic system and also a lack of realistic representations for health effects. These deficiencies mean that the data given in the program, even if they mirror proven environmental consequences related to various choices of transportation, cannot be regarded as true in all respects.
In Study 1, it was confirmed that children and adolescents had the intended perception of background pictures and sounds. Just as adults do with photographs, the children and adolescents perceived as the most pleasant those background pictures that contained the least pollution and the most green elements (Kaplan & Kaplan, 1989) . However, an effect of presentation order known as the phenomenon of hysteresis was found. When people are asked to rate a series of pictures, they will not have any reference point for the first picture and will therefore tend to give it an average rating. The next picture will then be compared to the first one, and so on. Accordingly the assessments will differ depending on the order of the pictures (Helson, 1964) . This effect will not be present in TRAFFIC JAM, because all players begin in the moderately polluted environment. Concerning the sounds, the human and animal voices were liked much better than traffic noise, which agree with the results from previous research (Shimai et al., 1993) . Jacko and Rosenthal's (1997) study showed that some traffic sounds might be difficult to recognize for children. In this study, recognition was never tested, because in TRAFFIC JAM, all the sounds are closely connected with the corresponding pictures. The perceptual differences found between the three levels of background pictures and sounds are important because they are likely to trigger different emotional reactions in the player. The homogeneity in the perceptual impressions of boys and girls, children and adolescents, means that TRAFFIC JAM can be expected to have similar effects on different groups of players. From earlier research, we know that environments that are perceived as pleasant will elicit more positive feelings than will boring ones (Küller, 1991; Mehrabian & Russell, 1974; Sorte, 1970) . It may therefore be assumed that extensive traveling by car in TRAFFIC JAM will not only provide facts about environmental pollution but also cause the player to respond emotionally to the negative pictures and sounds. On the other hand, when biking or walking, the player will respond with positive emotions to the pleasant environment. This is a significant aspect because previous studies on adults as well as on children indicate that proenvironmental behavior cannot be promoted without emotional involvement (Hines et al., 1986 (Hines et al., /1987 Iozzi, 1989; Nilsson & Küller, 2000; Zimmerman, 1996) .
The introduction of a hero figure aimed to strengthen the player's involvement in TRAFFIC JAM by facilitating identification with the situation, as discussed by Sjöberg (1999) . For the same reason, the player is allowed to select the place of residence and interests of his or her hero figure. Although identification with the figure was not empirically tested, the results from Study 2 ensured that the figures were evaluated in positive terms, which will serve to strengthen the degree of identification (Durkin, 1995) .
The main aim of letting children and adolescents play TRAFFIC JAM in Study 3 was to study the players' emotional reactions. The debriefing therefore concentrated on how the players felt afterward rather than what they learned from the gaming experience. The positive ratings and comments about the preliminary version of TRAFFIC JAM expressed in the debriefing to some extent could have been due to politeness toward the experimenter, because the players were aware of her connection with the development of the program. However, the assessment of the emotional responses was also quite positive, especially among the youngest.
To make TRAFFIC JAM more activating and demanding for adolescent players, the next version might benefit from a higher information rate in terms of complexity, variability, and novelty, as suggested by Mehrabian and Wixen (1986) . This could, for example, be achieved by including photo-manipulated environments, more details, and films instead of drawings of real accidents. The player could be given more control over the choice of destinations as well as knowledge questions that would need to be correctly answered before the player was allowed to advance. However, with such changes there is an obvious risk that the program would get too complex for the children.
Previous studies show that in general, boys spend more time playing computer games than do girls (Barnett et al., 1997; van Schie & Wiegman, 1997) . Boys and girls also differ in their preference for various kinds of games, girls being more in favor of educational games than are boys (Goldstein, 1994; Johnsson-Smaragdi, 1998; Sjöberg, 1999) . Also, the theme of TRAFFIC JAM could be expected to be more appealing to girls than to boys, because females are known to be more interested in environmental issues than are males (Davidson & Freudenburg, 1996) . Still, the boys and the girls reacted in a similar way to TRAFFIC JAM. This might be due to the fact that TRAFFIC JAM was new to the players and was played for a limited time out of any educational context.
Theoretically, it seems likely that TRAFFIC JAM will have an educational value in promoting attitudes related to proenvironmental travel behavior. Urban traffic is an area where great efforts are needed to meet the goals of a sustainable development, and children's and adolescent's attitudes toward various means of transport will be important (Carlsson-Kanyama & Lindén, 1999; Swedish Environmental Protection Agency, 1998 ; United Nations Conference on Environment and Development, 1993) . In Sweden, great efforts have been put into educational programs for traffic safety, but so far traffic as a cause of pollution has been somewhat neglected (Gummesson, Gummesson, & Larsson, 1995) . The practical value cannot be established until learning has been thoroughly evaluated in educational environments. A first issue to address is how TRAFFIC JAM will support exploratory talk in small groups of children and adolescents playing it and how this might help the players to relate to reality and reinforce learning (Mercer & Wegerif, 1999) . The main aim of TRAFFIC JAM, to promote attitudes related to proenvironmental choice of transportation, must be thoroughly tested in a large-scale, quasi-experimental study. In the longer perspective, it also seems necessary to investigate if these attitudes will affect children's and adolescent's actual behavior. Note 1. The author will be glad to provide the interested reader with a copy of TRAFFIC JAM in its present status. Please note that the language is Swedish.
